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1 Introduction
As discussed in RAN2 #113b-e, the following agreement about TAC for NTN was achieved:
1. When the network stops broadcasting a TAC, the UE needs to know it (FFS on further details)

2. RAN2 assume UE does not do TAU if one of the currently broadcasted TAC belongs to UE’s registration area.

3. RAN2 confirm that in NTN when TAC change in SI happens is up to network implementation, i.e. it may not exactly sync up with real-time illumination on ground.

4. Send a LS to CT1 and SA2, with Cc RAN3. The content is: currently RAN2 has two options on table, and the preference is “AS indicates all received TACs to NAS layer when more than one TAC per PLMN is broadcasted in NTN cell”, compared to “AS still reports only one TAC to NAS layer”, and ask for CT1’s feedback. Also include justification for RAN2 preference

In this contribution, we further discuss the remaining issues with soft TAU for NTN. 
2 Discussion
RAN2’s agreement is “When the network stops broadcasting a TAC, the UE needs to know it (FFS on further details)”. So how to make UE know the TAC change in SI caused by LEO movement is an issue to address. In this aspect, we would like to analyse the two candidate solutions, i.e. explicit solution and implicit solution.
2.1 Explicit way: reuse the current mechanism
According to the current mechanism, if the SI changes, the network will page all UEs using Short Message transmitted over DCI. Correspondingly, idle UE will monitor for SI change indication in its own paging occasion every DRX cycle. If the SI change indication is included in the received Short Message, the UE will apply the SI acquisition procedure at the nearest modification period boundary.
One remaining concern of this solution is the frequency of paging caused by TAC change is too high which will occupy a lot of radio resource. 
As agreed by RAN2 #113b-e:

1. RAN2 confirm that in NTN when TAC change in SI happens is up to network implementation, i.e. it may not exactly sync up with real-time illumination on ground.

Exactly sync up with real-time illumination on ground or not is up to network implementation. In other words, the network could determine the paging frequency flexibly based on the requirement, e.g. how much delay UE can tolerate. And the real paging frequency depends on TAC list planning, cell size and speed of LEO. In TN, one TAC includes several cells. But in NTN the relationship between TAC and cell is still FFS, as tracking area is coupled with geographical area instead. If the TAC is configured large enough or close to the cell size, then the frequency of SI change is low. 

Observation 1: Paging frequency caused by TAC change in SI depends on TAC list planning, cell size and moving speed of LEO satellite.
If one TAC is stopped broadcasting in SI but UE doesn’t know, it will lead to one issue, i.e. some UE may not be reachable. For example, When T1, the TAC1-3 are broadcasted, and UE2’s TAI list only includes TAC2. When T2, the TAC2-4 are broadcasted. If the network does not inform UE2 of the change of TAC, UE2 will not trigger TAU , then it becomes unreachable. As in that case, the network thinks UE2 is still in TAC1 and will page UE2 via cells covering TAC1. But even if NTN cell doesn’t cover TAC1, we see it’s still possible to keep broadcasting TAC1, i.e. in order to take care of UE2 like UEs and make them still reachable. 
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Figure 1. The TACs changes as LEO movement.




For UE2 like UEs, i.e. whose TAI list includes at least one of the original broadcasting TACs but does not includes the new broadcasting TACs, the unreachable case may happen when UE moves to the edge of TAI list area. If the network could prolong the broadcasting of TAC1, such issue could be avoided. And it is with the cost of extra paging overhead.
For other UEs, similar to UE1, they will perform cell reselection and re-acquire SI to determine if TAU is needed.
Observation 2: in order to avoid unreachable UEs, network can continue broadcasting some TACs which are not covered by current cell.

2.2 Implicit way: TAC with valid timer
On the other hand, there is another implicit solution to address TAC change caused by LEO movement. And the main ideas are as follows:
1. UE uses validity timers related to TAIs, and TAC update in SI does not cause paging for SI update.

2. UE reports single TAC to NAS based on these validity timers.
There are two disadvantages in our view:

1. In this way, the size of SIB1 would be quite large since it has to include all TACs and their timer lengths. If tracking area is smaller than cell foot print, the number of TACs in SIB may be quite large. Each TAC is 24 bits as shown in TS38.311:
TrackingAreaCode information element

-- ASN1START

-- TAG-TRACKINGAREACODE-START

TrackingAreaCode ::= BIT STRING (SIZE (24))
-- TAG-TRACKINGAREACODE-STOP

-- ASN1STOP

In addition, the format of valid timer will also occupy some signalling overhead. For example, valid timer uses UTC as start time stamp and end time stamp. The format of UTC is shown as follows in TS 38.331:

SIB9 information element
-- ASN1START

-- TAG-SIB9-START

SIB9 ::=                            SEQUENCE {

    timeInfo                            SEQUENCE {

        timeInfoUTC                         INTEGER (0..549755813887),
        dayLightSavingTime                  BIT STRING (SIZE (2))                   OPTIONAL,   -- 
-- TAG-SIB9-STOP

-- ASN1STOP

Observation 3: it will lead to large signalling overhead to provide valid timer related to each TAC.
2. With multiple TACs and related valid timer, UE could not determine the single TAC reported to NAS if multiple TACs are valid simultaneously. In soft TAU solution, the multiple TAC may be valid in some time no matter the size of TA. Since the mapping of TAC and geographical area is unknown, the UEs in the NTN cell could not determine its own single TAC. 
Observation 4: UE cannot determine which TAC should be reported to NAS only by TAC valid timer.
Base on the discussions above, as RAN2 has already agreed that “in NTN when TAC change in SI happens is up to network implementation”, the current notification mechanism of SI change due to TAC change can still be reused and does not need any extra enhancement.
Proposal 1: short message is used as legacy when network stops broadcasting a TAC in NTN.
3 Conclusion

In this contribution, we discuss some remaining issues of soft TAU and have the following observations:

Observation 1: Paging frequency caused by TAC change in SI depends on TAC list planning, cell size and moving speed of LEO satellite.
Observation 2: in order to avoid unreachable UEs, network can continue broadcasting some TACs which are not covered by current cell.

Observation 3: it will lead to large signalling overhead to provide valid timer related to each TAC.
Observation 4: UE cannot determine which TAC should be reported to NAS only by TAC valid timer.

And we propose:
Proposal 1: short message is used as legacy when network stops broadcasting a TAC in NTN.
